Background: Sunscreens are cosmetic products which are used to protect the skin from ultraviolet (UV) rays exposure. Ultraviolet rays, especially ultraviolet B (UVB) rays can cause skin cancer. C-phenylcalix-[4]-resorcinaryl octacinnamate (compound 1) and C-methylcalix-[4]-resorcinaryl octabenzoate (compound 2) are newly synthesized compounds which have a high absorbance of UVB rays. Despite their potential activity, these compounds have low solubility in water. Therefore, in order to increase the solubility, they were formulated into a nanoemulsion. Objective: The aim of the present study was to prepare and characterize a self-nano emulsifying system of two compounds as UV absorber. Methods: The optimum formula of nanoemulsion was analyzed using D-optimal mixture design with Design Expert® ver. 7.1.5 by varying concentrations of candlenut oil, tween 80, and polyethylene glycol 400 (v/v). Sun Protection Factor (SPF), transmittance and time of emulsification were evaluated as optimization parameters. The optimal formula was further evaluated for its distribution, droplet size, and zeta potential. Results: A combination of two compounds was used in formulations and has SPF value of 52.189. The composition of the optimal formula was obtained at 2.5 mL of candlenut oil, 5.066 mL of tween 80, and 2.434 mL of polyethylene glycol 400. The results showed that the optimal formula has SPF value of 81.577, % of transmittance 90.84, emulsification time of 17.42 seconds, the desirability of 0.726, the average droplet size of 129.9 nm with polydispersity index 0.393 and zeta potential of -15.2 mV. Conclusion: Nanoemulsion formulation using candlenut oil could increase SPF value of sunscreen compounds and potentially be used as alternative UV absorbers dosage forms in the future.
INTRODUCTION
Excessive solar radiation caused skin damage due to the predominance of UV light. Ultraviolet light is a spectrum of sunlight that emits energy in the 200-400 nm range.
1,2 Ultraviolet light exposure with a range of 245 to 290 nm waves is absorbed by human DNA which causes UVB rays (290-320 nm) to be the most harmful rays causing adverse effects on human's skin. 3 Ultraviolet B rays can penetrate into the superficial part of the epidermis until the basal portion of the epidermis potentially leads to the formation of reactive oxygen species (ROS). Oxidative stress causes changes in intracellular signaling in the activation of nuclear factor kappa B (NF-kB), which leads to increased production of inflammatory mediators. 4 Oxidation stress also causes oxidation reactions with involve free radical to damage cell membrane and damaging the surrounding normal DNA composition which can produce a mutation leading to cancer.
5,6
Skin damage caused by sun exposure includes erythema, edema, sunburn, tanning, hyperplasia, immunosuppression, photoaging, and skin cancer.
1,2, 7 The skin damage can be minimized by using sunscreen. Sunscreen serves to absorb, reflect or spread sunlight. Sunscreen can reduce UV radiation to an acceptable exposure.
8, 9 New synthetic materials of C-phenylcalix- [4] -resorcinaryl octacinnamate and C-methylcalix- [4] -resorcinaryl octabenzoate as potential sunscreen compounds are synthesized. These compounds form an organic synthetic sunscreen which has high UVB absorbance and therefore a combination of both compounds potentially can be used as UV absorbers in sunscreen.
The main drawback of conventional sunscreen is it leaves a white chalky layer on the skin when ORIGINAL ARTICLE applied, different with sunscreen products using nanoparticles of compounds which are transparent, less greasy and less smelly which improve its aesthetic appeal. Interest to develop a nanoscale formulation for topical delivery has increased recently as they exhibit several advantages, such as improve physical-chemical stability, prevent degradation of encapsulated drugs and provide sustained release. Transparency and viscosity of nanoscale formulation also increase the contact area and enhance the potency of the formulation. For efficient photoprotection, sunscreens must have good spreadability and retention into the stratum corneum. Various kinds of nanometric systems have been suggested as topical delivery carriers, including nanoemulsion. Nanoemulsion have been extensively formulated for topical drug delivery due to their advantages, such as their controllable droplet size, lower concentration of surfactants and efficient solubilization of lipophilic drugs.
10,11
The new compounds which are hydrophobic were formulated in nanoemulsion using spontaneous emulsification method. Preparation of nanoemulsion uses a spontaneous emulsification method revising a pre-concentration emulsion called the Self Nano-Emulsifying System. Nanoemulsion is isotropic mixtures of drugs, lipids, and surfactants usually with one or more hydrophilic co-solvents or co-emulsifiers, which spontaneously form a transparent emulsion (20-200 nm droplet size) upon aqueous dilution with gentle agitation.
11, 12 Thus, the objectives of this experiment were to develop and characterize an optimal self-emulsifying drug delivery system formulation of C-phenylcalix- [4] -resorcinaryl octacinnamate and C-methylcalix- [4] -resorcinaryl octabenzoate combination which is stable and has high potency sunscreen activity. The experimental design used in this study was the D-optimal mixture design with Design Expert®ver. 7.1.5 methods.
MATERIALS AND METHODS

Materials
The compounds i.e. C-phenylcalix- [4] -resorcinaryl octacinnamate and C-methylcalix- [4] -resorsinaryl octabenzoate were synthesized by Dr. I Gusti M Ngurah Budiana at Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Gadjah Mada, Yogyakarta, Indonesia (Figure 1 ).
Excipients were chosen based on their functionality, widespread commercial use, solubility with drug and biological properties. Candlenut oil was purchased from CV.Orizo (Indonesia). Oleic acid, olive oil, tween 80 (polyoxyethylene sorbitan monooleate 80), PEG 400 (polyethylene glycol 400) and distilled water were purchased from Brataco (Indonesia). Other material included an analytical grade of ethanol (Merck) and miglyol 812N (Cremer Oleo GMBH &Co).
Screening of excipients
Four commonly used oils such as candlenut oil, oleic acid oil, olive oil, and migylol oil were screened for their properties to dissolve sunscreen compounds maximally. An excess amount of each compound (2 mg) was added to five mL of the oil, homogenized by vortex at 3000 rpm for 5 minutes. The mixtures were then stirred using a magnetic stirrer for 1 hour at 300 rpm followed by equilibrium for 24 hours at 25ºC. Then the insoluble compound was separated by centrifugation at 3000 rpm for 30 minutes, sedimentation was discarded. The supernatant then was diluted with ethanol and the amount of sunscreen compound soluble in oil was calculated using a calibration curve.
Screening of sunscreen compounds combination ratio
The two compounds were screened for their potency of sun protecting factors. Three various concentration 5, 10 and 15 mg of compounds were added in 100 mL ethanol and were used for screening the SPF value of each compound. The absorbance of all samples was read at the wavelength range of 290-320 nm per 5 nm interval. The absorbance measurement was replicated three times. Ethanol was used as a comparison. The amount of the compound combination used in the further formulation was selected by determining the highest SPF value which results from various ratios of each compound in a total amount of 20 mg. The SPF values were calculated using the Mansur equation as follow: three factors (independent variables) which were the amounts (v) of the component system: surfactant (tween 80), co-surfactant (PEG 400) and the oil phase (candlenut oil). Upper and lower limit screening were done to find the suitable composition of surfactant and co-surfactant. The formula was made by preparing the selected oil, tween and PEG 400 based on the composition in a vial (10 mL) and homogenized with a vortex mixer for 5 minutes followed by sonication for 15 minutes. The final mixtures were left for 24 hours to be assessed for their physical stability visually at room temperature. Formulas which had the lowest ratio of oil: surfactant/co-surfactant while maintaining the physical stability (no sedimentation and no phase separation), and forming a transparent emulsion when diluted with 90 mL water (% transmittance >75%) were selected as the lower limit of design optimization.
In vitro characterization of the prepared self nanoemulsifying system
The prepared formulations were subjected to the following characterization studies:
SPF value
SPF value was used to determine the potential activity of new compounds as a sunscreen on ultraviolet absorbance at UVB wavelength. The SPF values were calculated using the Mansur equation.
Transmittance
To assess the self-emulsification properties, homogeneous mixing results were observed by measuring the transmittance of diluted self nanoemulsifying system formula into 90 mL water using spectrophotometer UV-Vis at a wavelength of 650 nm. Percentage transmittance of water was used as a comparison. The percentage of transmittance was calculated for each formula in triplicate and their average values ± SD were calculated.
Self-emulsification time
The emulsification time of the self nano emulsifying system formulation was assessed on a magnetic stirrer. Each formulation (10 mL) self nano emulsifying system was added dropwise to 90 mL of distilled water maintained at 37±0.5ºC. Gentle agitation was provided by rotating at 300 rpm. Observations were made of the time required by nanoemulsion to form a homogeneous mixture which was characterized by the mixture of the compounds in the media.
Droplet size and zeta potential measurements
The droplet size analysis was performed on the resultant compounds loaded self nano emulsifying system previously homogenized. Measurements using a Particle Size Analyzer (PSA) to know the size and distribution of nanoparticles. Before measurement, ten mL of nanoemulsion was diluted with 90 mL of distilled water to form self nano emulsifying system. The globule size and polydispersity index of the formed nanoemulsion were determined by dynamic light scattering (DLS) using HORIBA particle size analyzer. Light scattering was monitored at 25º Cat scattering angle of 90º. Zeta potential of nanoemulsion was determined using HORIBA, (Japan).
RESULTS
Screening of excipients
Results of the solubility of two compounds in various essential oils are presented in Table 1 . In this case, the solubility of both compounds was highest in candlenut oil which became the selected essential oil for the experiments
Design optimization self-nano emulsifying system
The results of in vitro SPF of two compounds were depicted in Table 2 . The efficiency of the sunscreen compound was expressed by its SPF value so that the higher the SPF value, the more effective was the agent as sunscreen.
In vitro characterization of the prepared self-nano emulsifying system
An essential foundation in the manufacture of nanoemulsion was the compatibility of oils, surfactants, and cosurfactants to obtain a transparent and homogeneous nanoemulsion. The preliminary comparison determination was performed to determine the composition of candlenut oil, tween Table 3 .
Determination of the surfactant and cosurfactant mixture ratio to candlenut oil
The results of upper and lower limit comparisons were used to determine the minimum and maximum levels of tween 80 and PEG 400 in the formulation. The results are presented in Table 4 . The upper limit selected for tween 80 was 7.500 mL and PEG 400 was 2.500 mL and the lower limit for tween 80 was 5.000 mL and PEG 400 was 1.250 mL. The combination of tween 80 (7.500 mL) and PEG 400 (1.250 mL) can provide a high percentage of transmittance in nanoemulsion. This research made 16 runs or experiment sequences as shown in Table 5 . Component of tween 80 and PEG 400 became independent variable in this research.
Determination of the SPF value, transmittance and emulsification time
The result of SPF value, transmittance, and emulsification time are displayed in Table 6 , with criteria response of SPF value, transmittance, and emulsification time selected by a goal in range to obtain the optimum self-nano emulsifying system. Based on the upper limit of the data and the lower limit of the results obtained, the results showed that the optimal formula has SPF value 81.577, % transmittance of 90.84%, with emulsification time of 17.42 seconds.
Determining optimum formulary of self nano emulsifying system
The production of the self-nano emulsifying system requires a combination of candlenut oil, surfactant (tween 80) and co-surfactant (PEG 400). The process needs to optimize the combination in order to gain each portion of components which will produce an optimum formula with good potency. D-optimal design mixture using Design Expert® ver. 7.1.5 methods were used to determine the optimum formula of the self-nano emulsifying system.
The result of SPF value was analyzed to see the effect of each component or interaction among them to the resulting SPF value. The equation of D-optimal design mixture was obtained by a quadratic mixture equation. The interaction between candlenut oil and PEG 400 had a significant influence on SPF because it had Figure 2 it could be explained that the model which could describe the significant relationship between each of the compounds and all the responses is the mixture special cubic model (p<0.05). The lack of fit analysis was not significant indicating there was no significant difference between the actual data and the predicted value (p>0.05). The relation of candlenut oil, tween 80, and PEG 400 to SPF value of self-nano emulsified system preparation showed in Figure 3 .
Transmittance was the measurement of the clarity of a nanoemulsion. A good nanoemulsion when the transmittance value was closed to the value of water transmittance (100%). The model which could describe the significant relationship between the compounds and all the responses was mixture special cubic model (p<0.05). The lack of fit analysis showed not significant indicating there was no significant difference between the actual data and the predicted value (p>0.05). The equation showed that the transmittance value of self-nano emulsifying system of new compounds was influenced by candlenut oil, tween Figure 2 The residual parameter of SPF value (Design-Expert ® Software). Normality testing with studentized method (following T distribution) was done with the data that had high variation between measurements. The red dot was the result of SPF measurement per run. Colors that follow the spectrum of light (red, orange, yellow, green, blue, indigo, purple) illustrated the value of the SPF. The more heading to red it's meant the value of the SPF more higher 
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80 and PEG 400 components (Figure 4 ). The three components had a positive value which means a positive effect on the value of transmittance. Candlenut oil component played a more dominant role in increasing the value of transmittance. The three elements combined will have a positive effect on the value of transmittance which was indicated by the highest coefficient value is 338.98. The relationship of candlenut oil, tween 80 and PEG 400 components at transmittance value were seen in Figure 5 . The high percentage of transmittance was at a red color combination where the composition of tween 80 concentration was 5.000 mL while candlenut oil and PEG 400 was 2.500 mL.
The emulsification time was the time that needed by a formula to be a nanoemulsion characterized by a preparation formula to be clear of mistiness. The model which could describe the significant relationship between the compounds and all the response was mixture special cubic model (p<0.05). The lack of fit analysis showed not significant indicating there was no significant difference between actual data and predicted value (p>0.05). The equation showed that the emulsification time of a self nano emulsifying system of new compounds was strongly influenced by tween 80 component. The combination of candlenut oil with PEG 400 had the highest coefficient of 778.59. The interaction between the candlenut oil combined with the tween 80 also gives a positive value to the emulsification value produced.
The relationship of candlenut oil, tween 80 and PEG 400 components at emulsification time were seen in Figure 7 . The high percentage of emulsification time was at a red color combination where the composition of tween 80 concentration was 5.000 mL, while candlenut oil and PEG 400 was 2.500 mL.
Figure 4
Graph of a residual parameter of transmittance (Design-Expert ® Software). Normality testing with studentized method (following T distribution) was done with the data that had high variation between measurements. The red dot was the result of transmittance measurement per run. Colors that follow the spectrum of light (red, orange, yellow, green, blue, indigo, purple) illustrated the value of the transmittance. The more heading to red it's meant the value of the transmittance more higher 
Emulsion droplet size analysis
A self-nano emulsifying system was characterized by the droplet size in nanometer size range. The resultant emulsions were indeed nanoemulsions, therefore particle size analysis was performed.
The results of droplet size analysis were average 129.9 nm and zeta potential of -15.2 mV with a value of polydispersity index of 0.399.
DISCUSSION
To the best of our knowledge, this study was the first research for a newly created formulation of C-phenylcalix- [4] -resorcinaril octacinnamate and C-methylcalix- [4] -resorcinaril octabenzoate combination in a self nano emulsifying system. The technological applications in nanoemulsion have increasingly been used in a topical application with some advantages such as high interfacial area, transparent or translucent appearance, high solubilization capacity, low viscosity and high kinetic stability sedimentation, flocculation and some cases, the coalescence. 10 In this study, the formation of this nanoemulsion with selected oils (candlenut oil), surfactant (tween 80) and co-surfactant (PEG 400) was studied with respect to the effect of composition ratio toward several parameters including homogeneity and clarity of resulted emulsion, ease of emulsification upon contact with water and SPF value of final nanoemulsion. Optimization through an experimental design was conducted using in the D-Optimal mixture design with Design Expert® ver. 7.1.5. The formula that was optimized based on the D-optimal mixture involved 16 formulas. The result showed that optimal formula had SPF value 81.567, % of transmittance was 90.85, emulsification time of 17.42 seconds, average droplets size of 129.9 nm, and zeta potential of -15.2 mV with a value of polydispersity index 0.399.
The selected nanoemulsion is transparently dispersed between water and oil, stabilized with surfactants and cosurfactants, having droplets of size below 200 nm. For the development of nanoemulsions, a solubility study is significant in identifying suitable oil which has maximum potential for solubilizing the compounds. Therefore screening of appropriate oils is the primary requirement of self-nano emulsifying system development.
13, 14 Higher solubility of compounds in oils leads to lowered requirement of surfactant and cosurfactant, which minimizes the toxic effect of the surfactant. Choice of surfactant on the basis hydrophilic-lipophilic balance (HLB) value is significant to determine the quality of nanoemulsion. Surfactants work with the mechanism lowering the interfacial tension between the oil phase and the aqueous phase after nanoemulsions concentrates dispersed in dispersing medium so as to form a nanoemulsion. The type and amount of surfactant will affect the size of the oil droplets in the water phase. Surfactants were selected which have the ability to interact with molecules capable of dispersing the oil and oil in water to produce nanoemulsion.
High hydrophilic-lipophilic
Figure 6
The residual graph of the emulsification time parameter (DesignExpert® Software). Normality testing with studentized method (following T distribution) was done with the data that had high variation between measurements. The red dot was the result of emulsification measurement per run. Colors that follow the spectrum of light (red, orange, yellow, green, blue, indigo, purple) illustrated the value of the emulsification time. The more heading to red it's meant the value of the emulsification time more higher ORIGINAL ARTICLE balance value will facilitate the molecular interaction of the oil in the aqueous phase but can complicate the process of mixing the oil with a cosurfactant. During the preparation nanoemulsion, the surfactant must be able to reduce the interfacial tension nearest to zero to facilitate dispersion of all components. 13 The surfactant used in this formulation was tween 80. Tween 80 is an emulsifier, non-ionic surfactant derived from oleic acid and polyethoxylated sorbitan. Tween 80 is widely used in cosmetic preparations and topical preparations, non-toxic and non-irritating. HLB of tween 80 is 15. Tween 80 has a relatively low toxicity with LD50 value in rats (oral) of 25 g/BW.
15
Addition of cosurfactant in the formula of nanoemulsions is to increase drug loading, self-modulated nano emulsification time and to decrease the droplet size of the nanoemulsion.
13-14
Co-surfactant connects the surfactant molecules and helps the formation of smaller and smaller interfacial tension. Co-surfactant molecules between the surfactant molecules on the surface of the globules will form oil globules with a sealed surface by surfactant molecules and the co-surfactant. Globules of oil sealed by surfactant molecules and co-surfactant have an increasingly little interfacial tension with water molecules, thereby increasing the oil globule surface interaction with water molecules which is characterized by a greater surface area interaction. As the surface area of interaction between the oil phases with the water increases, it will produce droplet sizes which become gradually smaller. However, co-surfactant were added in minimum concentration to generate stable emulsion.
13, 16 Polyethylene glycol 400 that used in this study helps to dissolve relatively high concentration of surfactants as well as lipid soluble drugs. Hence cosolvents are also considered as co-surfactants.
Nanoemulsion has a typical size of 20-200 nm.
10,17
The success of early nanoemulsion formation can be detected from the transmittance value near the water transmittance (100%). The next step is to determine the particle size and size distribution. The narrow particle size distribution (129,9) shows the uniformity of the nanoemulsion droplets. The ability of the self nano emulsifying system forming the nanoemulsion is characterized by the emulsification time value. The best self nano emulsifying system will have a quick emulsification time to disperse the oil phase into the water.
CONCLUSION
The self nano emulsifying system has become an important formulation to improve the bioavailability of poorly water-soluble compounds. A newly sunscreen formulation containing c-phenylcalix- [4] -resorcinaryl octacinnamate and c-methylcalix- [4] -resorcinaryl octabenzoate is successfully developed. The optimum formulation selection depends on the physicochemical properties of each compound. The self-nano emulsifying system formulation can increase SPF value of the newly sunscreen formulation and potentially be used as alternative UV absorbers dosage forms in the future. Clinical evaluation involving human subjects will be conducted.
